| Data extraction
The principal investigator reviewed the literature and identified predominant topic areas that were modified and agreed upon with input from two other investigators. Two investigators then independently abstracted the information and findings related to the topic areas from each article using a data-abstraction tool. The tool was based on the Joanna Briggs Institute "Critical Appraisal Checklist for Descriptive/Case Series" 21 and included clearly defined: inclusion criteria, study objective, population, study design, outcomes based on objective criteria, reliable outcome measurement, risk(s) of bias, and main finding(s) related to violence among EMS personnel. Any abstraction differences were resolved through consensus. The organization of the articles around topic areas was reviewed for face validity by three investigators. The table formats used in the paper were agreed upon by all the authors.
| Definitions
Because different countries have different employee categorizations, terms such as ambulance officers, ambulance personnel, ambulance nurses, emergency medical technicians, paramedics, and mobile intensive care paramedics, will herein collectively be referred to as EMS personnel, unless the reference requires a specific title.
| Risk of bias and study quality
To assess risk of bias in each paper the investigators initially considered using STROBE, 22 the Agency for Healthcare Research and Quality (AHRQ) guidelines, and the Cochrane Collaboration's tool for assessing risk of bias. 23 However, as the selected studies were reviewed, it was determined that there were no intervention studies, therefore, obviating the use of tools that were largely focused on evaluating intervention studies. It was then decided to keep all 25 studies and to describe a general risk of bias in each study based upon both the AHRQ guidelines in Studies developed by the Effective Public Health Practice Project. 25 
| Ethical approval
Since this is a review of the literature with no human subjects, IRB/ Ethics approval was not required or sought.
| RESULTS
The 16 searches yielded 2655 results. After eliminating 2542 articles based on title and 88 duplicates, 25 studies were critically appraised by two investigators and found to be appropriate for the review. Figure 1 illustrates the progression of the search strategy.
The 25 studies were published in 18 separate journals. None of the studies described an intervention. Table 1 illustrates a summary of the studies by citation, objective, population, study design, risk of bias, and main findings related to violence. Table 2 illustrates that data regarding assaults were collected either at the agency level or in national databases or through self-reported data that were captured in surveys. Eleven studies used existing databases; six used national databases while five studies used agency-level databases. Fourteen studies used surveys of EMS personnel. One study used an agency database, as well as interviews and a focus group.
Twenty-three of the studies reported the type of violence and six reported information on perpetrators. The studies used three types of output data: total cases per year, cases per 10 000 employees per year, and percentage (eg, percentage of total cases, respondents or calls). 
| Risks of bias within the studies
Overall the surveys suffered from small sample size and poor or no time restrictions for recall of events. The surveys had generally low response rates. Of the ten surveys that noted response rates, three surveys had response rates under 30%, two had response rates of 34% and 41% and two had rates of 59% and 60%; three reported response rates over 80%. 17 The data from these two countries indicate a potentially 10-fold difference in findings between national and local sources.
| Synthesis of findings
Six of the studies included some reference to perpetrators, with the patient identified as the most likely perpetrator. However, about 6% of the cases of violence against EMS personnel were perpetrated by friends or family members of the patient. 36 In other studies, about 4% of physical assaults were perpetrated by a "colleague" 27 and bystanders were perpetrators for some cases. 47 The studies documented the high risk of exposure to violence.
Boyle and Brough found high rates of verbal abuse, while Deniz, Furin and Suserud documented that about 80% of personnel had been subjected to some form of violence. 28, 29, 31, 33, 45 Petzäll found that about two-thirds of EMS personnel experienced threats or violence 42 while Rahmani found that it was 75% of respondents that had experienced workplace violence. 43 Gómez-Gutiérrez found that over a Six percent of all EMS occupational injuries were caused by assault.
Gómez-Gutiérrez et al. 35 To assess the presence of posttraumatic symptoms and posttraumatic stress disorder (PTSD) and to identify compliance diagnoses for PTSD.
Out of a population of 1,310 emergency medical service personnel, 441 workers (34%) completed the questionnaire and 358 met the inclusion criteria.
Cross sectional, retrospective study using a questionnaire distributed to prehospital emergency care workers assaulted by patients/relatives in Madrid.
Small since their response rate was 89.5%.
Over one third of participants had been assaulted. (Continues) Suserud et al. 45 To describe how EMS personnel perceive, how they are subjected to, and are influenced by, threats and violence in their day-to-day work.
EMS personnel.
A questionnaire comprising a total of 13 questions. third of personnel had been assaulted. 35 Grange showed that violence occurred on 8.5% of patient encounters 37 while Sibley found that 5%
of EMS respondents described violence on the scene as somewhat to very frequent. 44 Reichard and Galazkowski found that 5% to 6% of all EMS occupational injuries were secondary to assualt. 10, 34 Taylor found that assaults were the most common near-miss events for EMS personnel. 46 Bernaldo-De-Quirós and Dhar described the psychological impact of violence among EMS personnel. 26, 32 This review demonstrated that there is a paucity of published data on critical questions such as how risks of violence for EMS personnel may vary based upon demographic factors. Three studies published between 2006 and 2016 found that female EMS personnel had higher risks of violence than males. 30, 38, 47 Maguire found that female EMS personnel have a higher overall rate of injuries than male EMS personnel 7 and that female EMS personnel might have a higher risk of homicide than males. 39 There were also differences in risks of violence based on job title. Paramedics had nearly triple the risk of assault compared to EMTs. 36 Furthermore, violence against EMS personnel may be greater than reported because a large proportion of incidents of violence against EMS personnel may be unreported. 48 Underreporting may occur because EMS personnel consider events insignificant, they view violent encounters as part of the job, or they are afraid to report them out of concern that they will be seen as not being able to handle the situation. 37 This underreporting is an issue with other health care professionals, as 65% of assaulted emergency department staff did not report the incident 49 and 43% of health care workers 50 did not report physically violent incidents.
The findings indicate that homicides are relatively rare but not insignificant. There is, on average, 1.0-1.6 homicides a year among EMS personnel in the United States alone. 8, 39 Different case descriptions between the studies available further challenges understanding the scope of the problem. For example, when examining national data, a 2013 US study used data from the US Department of Labor (DOL) that reported cases missing even a single day of scheduled work 8 while a 2014 Australian study used data from Safe Work Australia that reported only "serious cases" that involved missing a week or more of scheduled work. 40 Differences such as these preclude exact comparisons of injury rates.
A comparison of the risks for EMS personnel to other occupations, however, has helped to put the severity of the problem in perspective.
A study in Australia found that 87.5% of surveyed EMS personnel reported being exposed to workplace violence 28 in comparison to 68% of nurses in Australia. 51 The rate of assault cases resulting in lost work days for EMS personnel in the United States is 56.5 per 10 000 full time workers per year, a rate about 23 times higher than the national average of 2.6 for all occupations 52 and about seven times higher than the rate of 9.1 for health care providers. 53 In addition, six of the papers reviewed found that the patient was the most common perpetrator. In comparison, the World Health
Organization (WHO) found that coworkers are the perpetrators in 45-72% of assaults against healthcare workers. Natl, National; yr, year; EMS, Emergency Medical Services; US, United States.
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The reviewed studies also found that female EMS workers have a higher risk of violence than male EMS personnel. In the general US population of all occupations, males have a rate of occupational violence that is about 50% higher than females 55 and Gerberich found that male nurses had a higher rate of assault than female nurses. 56 The finding that risks vary by demographic factors implies that incidents are not random. Thus, they may be predictable and demographic-specific mitigation strategies may be necessary. 
| Risk of bias
The risk of bias in the selected studies was expected to be low since all were describing cases of violence in a defined population. However, the findings from studies that were based on self-reports need to be viewed with caution. Recall bias is possible when respondents are asked to recall events that occurred up to 12 months prior. respondents. Sample bias seems likely as EMS personnel who were assaulted would be expected to have a higher rate of response than those who had not been assaulted. The generally low survey response rates might have introduced a self-selection bias in to the studies. Any study that did not use a pre-validated survey tool may suffer from survey bias. Despite these limitations the authors decided to include all studies that met the inclusion criteria and describe any risk of bias.
| Limitations of the review
In some countries EMS personnel may include physicians or nurses, or may be referred to by names other than the ones used here and so it is therefore possible that studies using those terms might not have been found during the searches. 
| Next steps
Adopting a public health approach to mitigating the problem will require collaboration between EMS agencies and university researchers. These steps toward mitigation must address the CDC recommendations to specifically include data analyses, case reviews, employee interviews, focus groups and surveys, as well as, the development, implementation, and evaluation of interventions to mitigate the risk of all forms of violence. 61, 65 In addition, the publication of risk-reduction interventions in peer-reviewed journals will help ensure that effective, reliable interventions can be shared and implemented worldwide. ; capture near-miss cases because near-miss incident data can be useful in incident prevention 46, 68, 69 ; consider utilizing a mixedmethods approach when investigating the problem 47, 70 ; develop a consensus on incident reporting collection including methods to identify the perpetrators (eg, patient, patient family member, person known to victim, coworker) and outcomes to the staff (eg, amount of lost work time, need for medical care, long-term disability, career termination); design and evaluate interventions to reduce the risk of violent incidents because reducing the risk of assaults has the potential to save lives, prevent injuries, reduce agency costs, reduce personnel turnover, improve morale, 66 and may ultimately improve the delivery and quality of ambulance services; implement ongoing monitoring to determine if the intervention solved the problem and to ensure widespread adoption 61 ; and determine if the intervention created unintended consequences such as an increase in heat emergencies among EMS personnel after deploying bullet-proof vests.
| CONCLUSION
This systematic review of the literature identified the peer-reviewed articles on the topic of violence against EMS personnel. The evidence demonstrates that occupational violence is a risk for EMS personnel in at least nine countries. Of concern is the lack of peer- 
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